Four primers targeting the self-sufficient cytochrome P450 monooxygenase gene in the Bacillus cereus group were designed in this study. PCR was carried out using these primers, and Bacillus thuringiensis wild type strains C32 and 1.2 as well as the reference strain HER1410 were proven to possess this gene. Our results also showed that B. thuringiensis C32 possesses two different copies of this gene. Phylogenetic analysis and comparative sequence analysis were performed in order to evaluate the differences between the sequences of B. thuringiensis C32, 1.2 and HER1410 as well as those from the public databases. The sequence of B. thuringiensis HER1410 clustered with that of B. cereus 14579 T , and the sequences of B. thuringiensis C32 and 1.2 clustered with that of Bacillus weihenstephanensis KBAB4. The sequences of both B. thuringiensis Al Hakam and B. thuringiensis serovar konkukian 97-27 did not cluster with strains C32, 1.2 and HER1410. The diversity of CYP102A in B. thuringiensis strains implies that this species represents an excellent potential resource of different self-sufficient cytochrome P450 monooxygenases.
INTRODUCTION
The cytochromes P450 (CYP) comprise a superfamily of haem-thiolate enzymes of which over 2700 members are currently known from all three domains of life, and their main function lies in the Phase 1 oxidative metabolism of many organic chemicals of diverse structure, both exogenous and endogenous. Bacterial P450s form a large proportion of the superfamily and, according to the systematic nomenclature, these have been designated families CYP101 and above, where CYP184 represents the current limit of the named bacterial P450 families [1] . From the industrial point of view, P450 enzymes are interesting targets for the production of fine chemicals, including pharmaceuticals [2, 3] . Many bacterial P450 enzymes are involved in oxidative biotransformations of natural compounds or man-made chemicals such as herbicides. Of particular interest are P450s involved in the degradation of recalcitrant pollutants [4, 5] . In order to change the characteristics of P450s, the construction of chimeric proteins started a few years ago. These chimeric sequences can display functional properties characteristic of the parents or acquire entirely new functions [6] [7] [8] [9] .
The CYP102A subfamily represents a unique group of bacterial self-sufficient cytochrome P450 monooxygenases (SSP450). Members of the CYP102A subfamily are in several ways unique. They are natural fusion enzymes of approximately 117-119 kDa comprised of the N-terminal monooxygenase domain and a FAD and FMN containing a diflavin reductase domain. Due to their structural organisation, CYP102A members exhibit extraordinary activities in comparison to other P450 monooxygenases. These exceptional activities make them promising candidates to be used in industrial applications. Up to now cloning and characterisation of only four members of this subfamily have been published -CYP102A1 from Bacillus megaterium [10] , CYP102A2 and CYP102A3 from the Bacillus subtilis strain 168 [11, 12] and CYP102A5 from Bacillus cereus ATCC 14579 T [13] . In total, 14 different members of the CYP102A subfamily (CYP102A1-CYP102A14) are known to date (http://drnelson. utmem.edu/biblioE.html#102).
In this paper, we describe the construction of the primers, amplification and comparative sequence analysis of a fragment of the SSP450 genes from three Bacillus thuringiensis strains.
MATERIALS AND METHODS
Bacterial strains, morphological characterization and maintenance of the culture Bacterial strains C32, 1.2 and B. thuringiensis HER1410 were used for this study. The reference strain B. thuringiensis HER1410 was kindly provided by Prof. R. Daugelavičius (Vilnius University). The wild type strains C32 and 1.2 were obtained from soil, isolated as described previously [14] , and selected for appearance of parasporal inclusions by phase-contrast microscopy. The cultures were cultivated and maintained on nutrient agar.
DNA extraction
Bacterial genomic DNA was extracted from fresh cell culture (after cultivation on nutrient agar for 12 hours at 30 °C) using the Genomic DNA Purification Kit (Fermentas) according to the manufacturer's instructions.
Amplification and cloning of 16S rRNA gene Amplification of 16S rDNA was performed as described by Kuisiene et al. [15] . The 16S rDNA PCR product was extracted from agarose gel using DNA Extraction Kit (Fermentas). The purified PCR product was cloned into Escherichia coli DH5α using InsT/Aclone TM a PCR Product Cloning Kit (Fermentas). Recombinant clones were detected by blue / white screening [16] . Recombinant plasmid DNA was extracted as described by Birnboim & Doly [17] . The cloned 1.5 kb DNA fragments amplified in PCR were sequenced by automated DNA sequencing.
Construction of primers for SSP450 amplification
Sequences used for constructing the primers are listed in Table 1 . The sequences were edited and PCR primers were designed using the SEQBUILDER and PRIMERSELECT components of LASERGENE 6 (DNASTAR). The sequences were aligned and analysed using MEGA 3.1 program [18] . Amplification of SSP450 from B. thuringiensis strains LASERGENE 6 (DNASTAR). The sequences were aligned using the MEGA 3.1 program [18] . The size of 16S rDNA used for the alignment was 1307 nucleotides and that of SSP450 466 nucleotides. Phylogenetic trees were constructed by the neighbour-joining method using the MEGA 3.1 program [19] . Pairwise-deletion option was used. Bootstrap analysis of the neighbour-joining data, using 1000 resamplings, was carried out to evaluate the validity and reliability of the tree topology. The 16S rDNA tree was rooted using the AJ276351 sequence of B. subtilis DSM 10 T as an outgroup. The SSP450 tree was rooted using the J04832 sequence of B. megaterium isolate Fulco PB85 clone BM3-3[A, B] as an outgroup.
RESULTS AND DISCUSSION
Characterization of the bacterial strains Strains 1.2 and C32 were isolated from soil. These strains formed endospores during a prolonged incubation on nutrient agar. Parasporal inclusions were detected in the cells using phasecontrast microscopy. It was hypothesized that strains 1.2 and C32 belong to the endospore-forming species B. thuringiensis. In order to test this assumption, the phylogenetic analysis of the 16S rRNA gene was carried out. The 16S rDNA sequences determined for strains 1.2 and C32 were of 1418 and 1465 nucleotide length, respectively. The sequences of strains 1.2 and C32 were most similar to that of B. thuringiensis NBRC 101235 T . The phylogenetic tree (Fig. 1a) shows the phylogenetic position of strains 1.2 and C32 among the closely related species of the B. cereus group. Bacillus anthracis, B. cereus, Bacillus mycoides, Bacillus pseudomycoides, B. thuringiensis, and Bacillus weihenstephanensis represent six related species, but only B. thuringiensis is known in this group to produce crystal proteins during sporulation. Thus, both the morphological examination and phylogenetic analysis showed strains 1.2 and C32 to belong to B. thuringiensis.
Construction of primers for the amplification of SSP450
Amino acid sequence identity among P450 proteins is often less than 20%. The regions with the highest homology (potential targets for the construction of the primers) comprise:
1. The heme binding loop, containing the most characteristic P450 consensus sequence (F-G/S-X-G-X-H/R-X-C-X-G/A) with the absolutely conserved cysteine that serves as a ligand to the heme iron.
2. The conserved E-X-X-R motif probably needed to stabilise the core structure through a salt bridge.
3. The consensus sequence A/G-G-X-E/D-T (with the absolutely conserved threonine) considered as P450 signature which is thought to play a role in oxygen activation through proton transfer [20] .
The P450 motif F-G/S-X-G-X-H/R-X-C-X-G/A, located in the heme binding loop, was F-G-N-G-Q-R-A-C-I-G in all the examined sequences. The latter sequence represents the signature motif of CYP102 [1] . The forward primer BpgF was designed that targeted this signature motif (Table 2, Fig. 2) .
The consensus sequence A/G-G-X-E/D-T, involved in the oxygen activation, was A-G-H-E-T in all the examined sequences. The forward primer P450Ox was constructed, which targeted this sequence (Table 2, Fig. 2 ). 
B -Bacillus
The primers P450Ox, BpgF, P450F and P450R, designed in this study, were used for the amplification of the SSP450 gene. The gene was amplified in 50 µl of reaction mixture containing PCR buffer with (NH 4 ) 2 So 4 , 2 mM MgCl 2 , 0.2 mM each dNTP, 0.25 µM each primer, 1.25 U recombinant TaqDNA Polymerase and 10 ng of bacterial genomic DNA. Amplification was conducted under the following conditions: initial denaturation at 95 °C for 2 min followed by 29 cycles each consisting of 95 °C for 1 min, 55 °C for 2 min and 72 °C for 3 °min with a final extension step at 72 °C for 7 min in an Eppendorf thermal cycler. The amplification products were analysed by electrophoresis through 1% agarose gel.
Sequence analysis
The sequences of SSP450 obtained in the present study were deposited in the GenBank (accession numbers EU591718-EU591720). The sequences were edited and sequence similarity was determined using the SEQBUILDER and MEGALIGN components of Self-sufficient cytochrome P450 monooxygenases from Bacillus thuringiensis: amplification and comparative sequence analysis The third forward primer P450F was designed based on the sequence of the linker between P450 and reductase domains ( Table 2, Fig. 2) . The conservative sequence A-P-T-E-E-K-L was identified in this linker. Only for B. weihenstephanensis KBAB4 the difference in one nucleotide resulted in I instead of T and for B. cereus ATCC 14579
T in E-D instead of E-E. The reverse primer P450R was designed on the basis of the analysis of reductase domain ( Table 2 , Fig. 2 ). The highly conservative sequence M-W-S-D-A-M was identified in all the examined sequences. This sequence was used to construct the primer P450R.
Thus, four primers were constructed in this study. All three forward primers could be used in pair with the reverse primer.
Amplification of SSP450
Genomic DNA of B. thuringiensis strains 1.2, C32 and HER1410 was used for the amplification of CYP102A. The pairs of primers P450F-P450R, BpgF-P450R and P450Ox-P450R were tested.
PCR using the pair of primers P450F-P450R was successful for strains 1.2 and C32. PCR resulted in a fragment ~500 bp in length. We could not obtain PCR product from the genomic DNA of HER1410 (Figs. 2, 3b) . PCR using the pair of primers BpgF-P450R was also unsuccessful for strains HER1410 and 1.2. A fragment ~720 bp in size was obtained for strain C32 (Figs. 2, 3a) . PCR using the third combination of primers (P450Ox-P450R) resulted in a fragment ~1100 bp in length for strain HER1410, but was unsuccessful for strains C32 and 1.2 (Figs. 2, 3c) .
It should be noted that at least one amplification was successful for every strain. Thus, it may be clearly stated that genes of SSP450 were detected in strains 1.2, C32 and HER1410.
Comparative sequence analysis of SSP450 from B. thuringiensis C32, 1.2 and HER1410 The amplified fragments of SSP450 were sequenced. The obtained sequences were subjected to a comparative sequence analysis. Phylogenetic analysis of these sequences was also car ried out.
Comparative analysis showed that the sequence of HER1410 differed from the sequences of strains C32 and 1.2. Phylogenetic analysis confirmed these results. The sequence of HER1410 was more closely related to that of B. cereus ATCC 14579
T representing a distinct cluster in the phylogenetic tree (Fig. 1b) , and CYP102A9 in B. weihenstephanensis KBAB4 (http://drnelson.utmem.edu/biblioE.html#102). We hypothesize that strain HER1410 has CYP102A5-like, genes and strains C32 and 1.2 contain CYP102A9-like genes and / or those highly similar to P450s. According to the database, CYP102A8 has been found in B. thuringiensis serovar konkukian 97-27. Taken together, these data imply that SSP450s of B. thuringiensis vary from strain to strain and does not depend on the species. The implication is that B. thuringiensis represents an excellent potential resource of the different SSP450s.
The products of PCR primed by the oligonucleotide pair P450F-P450R were completely identical in sequence. On the other hand, a comparative sequence analysis revealed differences between the two sequences of strain C32. The majority of the differences were concentrated downstream from the BpgF binding region (Fig. 4) . The sequence, obtained with the pair of primers BpgF-P450R resembled more that of B. weihenstephanensis KBAB4 than the sequence obtained with the pair P450F-P450R (Fig. 4) . These differences influenced on the composition of amino acids. Consequently, it may be concluded that the B. thuringiensis strain C32 possesses two different genes SSP450. To our knowledge, only the B. subtilis strain 168 possess two different copies of such monooxygenases -CYP102A2 and CYP102A3. Only one copy of these enzymes was identified in all the sequenced genomes of the B. cereus group.
In conclusion, in this study four primers were designed, which targeted the SSP450 gene in the B. cereus group. B. thuringiensis wild type strains C32 and 1.2 as well as the reference strain HER1410 were proven to possess this gene. Much more, our results have shown that strain C32 possesses two different copies of this gene. The diversity of CYP102A in B. thuringiensis strains implies that this species represents an excellent potential resource of different SSP450s.
